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Introduction
Oral squamous cell carcinoma (OSCC) is the most common malignant neoplasm of the oral cavity and represents about 90% of all oral malignancies. 1 Despite recent advances in multimodality treatments, more than 50% of OSCC patients experience relapse, including local recurrence, regional lymph node metastasis, and distant spread. The 5-year overall survival rate in OSCC is less than 50%, which has not significantly increased in the last three decades. 2 Previous studies have demonstrated diverse genetic alterations in OSCC, 3, 4 but the highly complex molecular mechanisms underlying OSCC carcinogenesis and progression remain obscure. Therefore, it is necessary to search for novel markers for OSCC that can accurately identify biological characteristics of tumors, improve therapeutic strategies, and predict clinical outcome.
MicroRNAs (miRs) are a class of naturally occurring small (21-25 nucleotides) noncoding RNAs. They bind through partial sequence homology to the 3′ untranslated Note: Data is presented as n (%). Abbreviations: n, spread to regional lymph nodes; T, size and/or extent of the primary tumor; TnM, tumor node metastasis.
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lin et al region of target messenger RNAs and either block translation or promote messenger RNA degradation. 5, 6 Beyond their involvement in diverse biological processes, including cell growth, apoptosis, development, differentiation, and endocrine homeostasis, 6 emerging evidence strongly suggests that the deregulation or dysfunction of miRs contributes to human carcinogenesis and cancer progression. [7] [8] [9] MiRs can function as either oncogenes or tumor suppressors according to the roles of their target genes. In terms of miR-206, it has been reported to be downregulated and exert tumor suppressive function in several malignancies such as breast cancer, 10 lung cancer, 11 gastric cancer, 12 colorectal cancer, 13 renal cell carcinoma, 14 endometrioid adenocarcinoma, 15 glioma and neuroblastoma, 16 rhabdomyosarcoma, 17 and osteosarcoma. 18 In addition, downregulation of miR-206 was associated with tumor progression and worse prognosis. 12, [18] [19] [20] However, the role of miR-206 and its direct functional targets in human OSCC are still not completely clear.
Ras is the first human oncogene discovered by Shih and Weinberg in the early 1980s. 21 K-Ras is one of the three members of the Ras oncogene family. Activation of the K-Ras oncogene has been implicated in the carcinogenesis of many human cancers, including OSCC, 22 and downregulation of K-Ras could suppress cancer cell growth and increase chemosensitivity. 23, 24 Recently, several miRs were reported to suppress K-Ras expression and function as tumor suppressors. [25] [26] [27] [28] These findings support the importance of miRs in regulation of K-Ras activity, but the potential regulatory effect of miR-206 on K-Ras expression has not yet been confirmed.
The aim of this study was to examine miR-206 expression in OSCC tissues and cell lines using real-time polymerase chain reaction (PCR). The association of miR-206 levels with clinicopathologic features and prognosis was also analyzed. Furthermore, the effects of miR-206 on the proliferation, apoptosis, invasion, and migration of OSCC cells were investigated. Finally, K-Ras was identified as a direct target of miR-206 by luciferase reporter assay. 
Materials and methods
Tissue samples and cell lines
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effects of mir-206 in Oscc tumorigenesis and development total RNA using the looped primers. Real-time PCR was performed using the standard TaqMan ® MicroRNA assays protocol on the Applied Biosystems ® 7500 real-time PCR detection system (Thermo Fisher), with cycling conditions of 95°C for 10 minutes followed by 40 cycles of 95°C for 15 seconds and 60°C for 60 seconds. U6 small nuclear RNA was used as an internal control. The RT primers were 5′-GCGCGT-GAGCAGGCTGGAGAAATTAACCACGCGC-3′ for miR-206 and 5′-TGGTGTCGTGGAGTCG-3′ for U6. The PCR primers for mature miR-206 or U6 were designed as follows: miR-206 sense 5′-GGAATGTAAGGAAGTGTG-3′ and miR-206 reverse 5′-GAGCAGGCTGGAGAA-3′; U6 sense 5′-CTCGCTTCGGCAGCACA-3′ and U6 reverse 5′-AACGCTTCACGAATTTGCGT-3′. The threshold cycle was defined as the fractional cycle number at which the fluorescence passed the fixed threshold. Each sample was measured in triplicate, and the relative amount of miR-206 to U6 was calculated using the following equation:
where Ct is the threshold cycle and ∆Ct is the threshold cycle of miR-206 minus the threshold cycle of U6 (ie, Ct miR-206 − Ct U6 ).
cell transfection
For RNA transfection, the cells were seeded into each well of a 24-well plate and incubated overnight and then transfected with either miR-206 mimics (Shanghai GenePharma Co, Ltd, Shanghai, People's Republic of China) or negative control (NC) RNA-oligonucleotides (GenePharma) using Lipofectamine ® 2000 (Thermo Fisher) in accordance with the manufacturer's procedure. The transfection efficiency of the miR-206 mimics was confirmed by real-time PCR analysis.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
Cells were seeded into 96-well culture plates at a density of 2,000 cells in 200 µL/well and incubated at 37°C after transfection. Then, 100 µL of MTT solution (0.5 mg/mL; Sigma-Aldrich Co, St Louis, MO, USA) was added to each well, and the cells were incubated for another 4 hours. The medium was then replaced with 150 µL of dimethyl sulfoxide. Spectrometric absorbance at 490 nm was measured using a microplate reader (BIO-RAD 680). Cell proliferation was assessed daily for four consecutive days, and the MTT assay was repeated three times.
Detection of apoptosis by flow cytometry
Apoptosis was detected by flow cytometric analysis. Briefly, the cells were washed and resuspended at a concentration of 1×10 6 cells/mL. Then, the cells were stained with Annexin V and propidium iodide, using the Annexin V Apoptosis Detection Kit (BD Biosciences, San Jose, CA, USA). After incubation at room temperature in the dark for 15 minutes, cell apoptosis was analyzed on a BD FACSCalibur™ (BD Biosciences).
Transwell migration and invasion assays
The migration and invasion assays were performed using 24-well Transwell ® chambers (8 µm; Corning Incorporated, Corning, NY, USA). For the migration assay, tumor cells were resuspended in DMEM and 2×10 5 cells were seeded into the upper chambers. Then, 0.5 mL DMEM containing 10% FBS was added to the bottom chambers. Following a 24-hour incubation, cells on the upper surface of the membrane were scrubbed off, and the migrated cells were fixed with 95% ethanol, stained with 0.1% crystal violet, and counted under a light microscope (Olympus Corp., Tokyo, Japan). The invasion assay protocol was similar to that of the migration assay except that the upper chambers were first covered with 1 mg/mL Matrigel ® (Corning).
luciferase reporter assays
The pGL3 luciferase reporter vector (Promega Corporation, Fitchburg, WI, USA) was used for the construction of the pGL3-K-Ras and pGL3-K-Ras-mut vectors. The pGL3-K-Ras-mut vector was built with K-Ras that had undergone site-directed mutagenesis of the miR-206 target site using the QuikChange ® Site-Directed Mutagenesis Kit (Agilent Technologies, Santa Clara, CA, USA). For the luciferase reporter assay, cells were cultured in 24-well plates and transfected with the plasmids and miR-206 mimics using Lipofectamine 2000. Twenty-four hours after transfection, luciferase activity was measured using the Dual-Luciferase ® Reporter Assay System (Promega). Firefly luciferase activity was normalized to renilla luciferase activity for each transfected well.
Western blot analysis
Protein lysates were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to the nitrocellulose membrane. After blocking, the membranes were incubated with purified rabbit anti-K-Ras antisera at 4°C overnight. The next day, the membranes were washed with phosphate-buffered saline and then incubated with submit your manuscript | www.dovepress.com
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lin et al peroxidase-conjugated goat anti-rabbit immunoglobulin G (Santa Cruz Biotechnology, Texas, USA). Immunodetection was conducted with Pierce ® ECL chemiluminescence reagents (Thermo Fisher) and exposed on an X-ray film. β-actin was used as an internal reference for relative quantification.
statistics
All statistical analyses were carried out using SPSS ® 16.0 software package (SPSS Inc., Chicago, IL, USA). Data were presented as mean ± standard deviation (SD). Differences between groups were analyzed using Student's t-test or the chi-square test. Relationships between miR-206 expression and K-Ras protein levels were explored by Pearson's correlation analysis. Survival curves were constructed with the Kaplan-Meier method and compared by log-rank tests. To evaluate independent prognostic factors associated with survival, a multivariate Cox proportional hazards regression analysis was used. P,0.05 was considered to be statistically significant.
Results
Decreased expression of mir-206 in Oscc and its correlation with K-ras levels
The expression levels of miR-206 in OSCC tissues, corresponding noncancerous samples, human OSCC cell lines SCC-4, SCC-9, SCC-25, and Tca8113, and human normal oral keratinocyte cells were detected by quantitative real-time PCR and normalized to U6 small nuclear RNA. As in Figure 1A , the results showed that the expression levels of miR-206 were significantly lower in OSCC specimens (mean ± SD 8.2±2.1) than those in the corresponding adjacent noncancerous tissues (mean ± SD 19.4±4.1; P,0.001). The miR-206 expression in four OSCC cell lines was also clearly downregulated ( Figure 1B ). The Tca8113 cell line, which possessed the lowest levels of miR-206 expression among all tested cell lines, was selected for further studies. K-Ras protein levels were detected by using Western blot analysis in clinical specimens and cell lines. The results showed that K-Ras protein levels in tumor samples were higher than in the adjacent normal tissues (P,0.001; Figure 1C ). K-Ras levels in OSCC cells were also higher than in human normal oral keratinocyte cells ( Figure 1D ). In addition, an obvious inverse correlation (R=−0.4758; P=0.0002) was obtained between K-Ras levels and miR-206 expression in OSCC tumor tissues ( Figure 1E ).
Mir-206 expression and clinicopathologic features in Oscc
The associations of miR-206 expression with various clinicopathological parameters of OSCC tissues are summarized in Table 1 . Using the median miR-206 expression in all 109 OSCC patients as a cutoff, the patients were divided into a high miR-206 expression group and low miR-206 expression group. As shown in Table 1 , low expression of miR-206 was significantly correlated with advanced tumor node metastasis (TNM) stage (P,0.001), advanced T classifications (ie, size and/or extent of the tumor; P=0.028), and positive N classification (ie, spread to regional lymph nodes; P=0.001). No significant difference was observed between miR-206 expression and patients' age, sex, and tumor differentiation.
correlation between mir-206 expression and prognosis of Oscc patients
It was then evaluated whether miR-206 expression had prognostic potential for overall survival of OSCC patients. Using the Kaplan-Meier method and log-rank test, the overall survival of patients with low miR-206 expression was significantly shorter than in those with high miR-206 expression (P,0.001; Figure 2 ). The survival benefits were also found in those with early T classification (P=0.008), negative N classification (P=0.006), and early TNM stage (P,0.001; 
effects of mir-206 on the proliferation, apoptosis, invasion, and migration of Tca8113 cells
The biological role of miR-206 in Tca8113 cells was also assessed. As shown in Figure 3A , the expression level of miR-206 in transfected cells of miR-206 mimics was significantly higher compared with noncancerous transfected cells (P,0.001). MTT assay showed that cell proliferation was significantly impaired after miR-206 mimics transfection ( Figure 3B ). Promoted cell apoptosis in transfected cells of miR-206 mimics was also observed ( Figure 3C ). Cell invasion is a significant aspect of cancer progression and involves the migration of tumor cells into contiguous tissues and the dissolution of extracellular matrix proteins. Transwell invasion and migration assays were performed to investigate whether miR-206 had a direct influence on Tca8113 cell migration and invasion. As shown in Figure 3D and E, upregulation of miR-206 impeded cell invasion/migration compared with the control. 
K-ras is the target gene of mir-206
Using the algorithms for target gene prediction, K-Ras was identified as one of the potential targets of miR-206. The predicted binding of miR-206 with K-Ras 3′ untranslated region is illustrated in Figure 4A . To further confirm that K-Ras is the direct target of miR-206 in OSCC, miR-206 mimics were transfected into Tca8113 cells and it was found that miR-206 mimics significantly reduced K-Ras protein levels in these cells ( Figure 4B ). Then, pGL3-K-Ras and pGL3-K-Rasmut plasmids were created. The reporter assay revealed that transfection of miR-206 mimics triggered a marked decrease of luciferase activity of the pGL3-K-Ras plasmid in Tca8113 cells without change in the luciferase activity of pGL3-KRas-mut ( Figure 4C ). These data indicate that K-Ras is a direct target of miR-206 in OSCC.
Discussion
Dysregulation of miRs has been demonstrated to be involved in tumorigenesis and progression in various types of tumor; however, elucidation of their potential roles in OSCC remains in the early stage of development. In this study, it was found that miR-206 was downregulated in OSCC cell lines and primary tumor samples. Decreased miR-206 expression was significantly correlated with aggressive clinicopathological features and poor survival. Moreover, transfection of miR-206 mimics in Tca8113 cells was able to reduce cell proliferation, invasion, and migration and promote cell apoptosis. Finally, K-Ras was identified as a direct target of miR-206. To the authors' knowledge, this study reported the prognostic significance of miR-206 in OSCC and confirmed K-Ras as a functional target of miR-206 for the first time.
Previous research reported dysregulated miR-206 expression and its tumor suppressive function in many human malignancies. In vitro, ectopic miR-206 expression inhibits cell growth and induces apoptosis in breast cancer, 29 lung cancer, 11 gastric cancer, 12 glioma and neuroblastoma, 16 rhabdomyosarcoma, 17 and endometrial endometrioid carcinoma cells. 15 Upregulation of miR-206 also reduces cell invasion and migration in lung cancer, 11 rhabdomyosarcoma, 17 and endometrial endometrioid carcinoma cells. 15 In vivo, Bao et al revealed decreased miR-206 expression and its correlation with a worse stage, poor histological differentiation, and metastasis in patients with osteosarcoma. 18 Yang et al reported that miR-206 downregulation occurs more frequently in gastric cancer patients with lymph node metastasis, along with the presence of venous invasion, hematogenous recurrence, and advanced tumor stage. 19 Moreover, lower expression of miR-206 indicated worse prognosis of patients suffering gastric cancer or colorectal carcinoma. 19, 20 In xenotransplanted models, miR-206-treated nude mice showed smaller tumor sizes and lower tumor weights compared with the control group. 12, 30 Taken together, these findings suggest It is now clear that miRNAs execute their oncogenic or tumor suppressor functions by regulating the expression of target genes. 31 With regard to miR-206, several targets have been reported in recent research including CCND2, 12 Otx2, 16 MET, 30 Pax7, 32 NOTCH3, 33 ERα, 34 and VEGF. 35 Ras is involved in the execution of important steps in tumorigenesis and miR-induced K-Ras dysregulation is frequently observed in human cancers. MiR-18a* repression upregulated K-Ras expression, increased cell proliferation, and promoted anchorage-independent growth in soft agar of human squamous carcinoma A431 cells, colon adenocarcinoma HT-29 cells, and fetal hepatic WRL-68 cells. 36 MiR-96 decreased pancreatic cancer cell invasion and migration and slowed tumor growth in a manner associated with K-Ras downregulation. 26 MiR-143 suppressed K-Ras and functioned as a tumor suppressor in colorectal cancer. 27 In OSCC, miR-181a reduced cell proliferation by depressing K-Ras. 25 The current study also demonstrated that K-Ras is a functional target of miR-206 in OSCC. The overexpression of miR-206 in Tca8113 cells decreased K-Ras protein levels. After cotransfection of the pGL3 reporter vectors and miR-206 mimics, upregulation of miR-206 resulted in a significant decrease in the luciferase activity of the wild-type pGL3-K-Ras plasmid, whereas mutation of the miR-206 binding site blocked this effect. However, there is no "one-to-one" connection between miRs and target messenger RNAs. An average miR can have more than 100 targets. 37 Conversely, several miRs can converge on a single transcript target. 38 Previous studies have proven that some other target genes of miR-206, such as VEGF and Notch, 39, 40 also modulate OSCC pathogenesis. Therefore, the potential regulatory circuitry afforded by miR-206 is enormous, and the accurate mechanisms on how miR-206 influences OSCC progression need further clarification.
There are some limitations in this work. First, the clinical part was a retrospective study, and the tumor sample size was relatively small. Second, the effects of miR-206 on the biological behavior of OSCC cells were only observed in one cell line, although Tca8113 cells possessed the lowest miR-206 expression among all tested cell lines in this study. Further experimental validation using a large number of tumor samples and more cell lines will be performed in the future.
Conclusion
The results revealed that miR-206 was downregulated in OSCC cell lines and clinical samples. Restored miR-206 expression in Tca8113 cells exhibited antitumor effects in vitro. In addition, K-Ras was confirmed as a direct target of miR-206. These findings indicate that miR-206 may act as a tumor suppressor in OSCC and could serve as a novel therapeutic agent for miR-based therapy.
